Figure 1. Drawing showing an ensemble of nanowires obtained on a substrate.
Semiconductor nanowires are filamentary crystals with a submicron tailored diameter. Because their diameter is smaller than typical light wavelengths absorbed in a solar cell, their interaction with light obeys the laws not of classical ray optics but of wave optics. Consequently, unexpected phenomena arise. For nanowires lying on a substrate, light is absorbed preferentially in certain wavelengths, known as leaky-mode resonances. 7 However, we found that light absorption is strongly reduced overall. 8 In contrast, as shown here, light absorption can be significantly enhanced for nanowires standing on a substrate. 9 Figure 1 depicts an ensemble of such nanowires as an ideal configuration for light harvesting.
The light absorption in nanowires was calculated by the finitedifference time-domain method, as described elsewhere. 10 The
Continued on next page absorption rate can be translated into an absorption cross section by scaling it to the incident light flux. In Figure 2 , we plot the diameter of the absorption cross section as a function of the nanowire diameter. We find that the absorption cross section exhibits two maxima at diameters close to 150 and 380nm, respectively. The diameter increases by close to a factor of three, which enhances the light collection by a factor of nine. Therefore, nanowires act intrinsically as built-in light concentrators. Because solar cells work more efficiently with more concentrated light, nanowire arrays open the path toward higher-efficiency solar cells (beyond the Shockley-Queisser limit) under one-sun illumination. Last but not least, because light is collected from a larger area than the nanowire footprint, the nanowires in an array can be spaced significantly apart from one another. This reduces by about a factor of 1000 the amount of material used for a solar cell, thereby contributing to the sustainability of this technology.
In summary, we have examined the light absorption in standing nanowires on a substrate for possible use in solar cells. We found that the nanowires concentrate light, which will enhance solar cell efficiency. They are also expected to reduce the amount of material needed to make solar cells. The next steps involve the fabrication of dual-junction solar cells composed of GaAs nanowire p-n junctions on top of a silicon cell and exploration of surface passivation techniques for further improvement of nanowire efficiency. 
